The areas of maximum action potential duration, or gates, of the isolated canine distal A-V conducting system were studied by microelectrode techniques to determine the characteristics of their responses to premature impulses and to rapid rates of stimulation. The results indicate that premature responses will be conducted at the same velocity as driven responses until the coupling interval between the driven and premature impulses approaches the refractory period of the gate. When delayed conduction of the premature impulse develops, it occurs over a segment of the conducting system incorporating the gate. The magnitude of the delay which can develop at coupling intervals just in excess of the functional refractory period tends to be small in healthy tissue and larger in depressed tissue. Suitable delays allowed premature impulses having coupling intervals shorter than the refractory period at the gate to be conducted distally. The refractory period in response to rapid rates of stimulation was discordant in the several false tendons in six of nine preparations studied. Both delayed conduction and 2:1 conduction were shown to occur near the limit of response to rapid stimulation. The data presented suggest certain functional analogies between the A-V node and the gating mechanism.
• The duration of transmembrane action potentials recorded from the conducting system of the canine heart progressively increases from the level of the His bundle toward the distal Purkinje fibers (1) (2) (3) . An area of maximum action potential duration is consis- Received October 14, 1970 . Accepted for publication November 17, 1970. tently observed 2 to 3 mm proximal to the termination of Purkinje fibers in ventricular muscle (3) . Distal to this site action potential durations shorten progressively through a sequence of Purkinje fibers, transitional cells, and muscle cells (3, 4) . The maximum action potential duration normally determines the functional refractory period of the system. Because of this functional property the area of maximum action potential duration has been referred to as a gate, implying that the gate is responsible for determining the minimum possible coupling interval between a driven impulse and a premature impulse conducted between the proximal conducting system and the ventricular muscle.
In the present study we report a detailed analysis of the function of the gating mechanism in response to premature impulses and of the response of normal and abnormal gates to rapid rates of stimulation. These results, The dissection procedures for removal of the conducting system from the level of the right bundle branch or a division of the left bundle branch to a papillary muscle and/or the free wall of a ventricle have been described previously (3) . The studies reported here were performed on two types of preparations. One of these, shown in Figure 1 , consisted of a bundle branch (with its attached septal muscle) giving rise to two or more free-running false tendons, each serving a segment of free-wall muscle or papillary muscle which was separated from the other muscle masses. Therefore, the only bridges between the bundle branches and the muscle masses were the free-running false tendons. The other type of lNF-l, Bioelectric Instruments. 2 Model 532, Tektronix. SModels 565, 564, and 502A, Tektronix.
FIGURE 1
Type of preparation used to study the functional properties of the gate. A bundle branch with its attached septal muscle gives rise to three free-running false tendons, each serving a separate segment of ventricular free-wall muscle or papillary muscle. For some studies a preparation consisting of only one false tendon serving one segment of muscle was used. In others, preparations containing two or more false tendons were used. Either the right bundle branch or a division of the left bundle branch was used.
preparation consisted of one false tendon running between a bundle branch, with its attached septal muscle, and a single segment of free-wall muscle or papillary muscle.
When preparations composed of multiple false tendons were studied, each of the false tendons had to meet the criteria for normal tissue used in our earlier studies (3), except for those instances in which we compared normal and abnormal function in the same preparation. It was common to observe some degree of functional depression of the tissue immediately after mounting it in tissue bath. Therefore, most preparations were perfused in tissue bath and stimulated at a moderate rate (cycle lengths from 600 to 1,000 msec) for one hour or more after die dissection before initiating any studies.
STIMULATION OF TISSUE
The preparations were stimulated through small (0.010-inch), bipolar, silver surface electrodes which were triple-Teflon-coated except at the tips. The preparations were driven at basic cycle lengths ranging from 150 to 1,000 msec, using a driving stimulus (S x ) which was 1.5 to 2.0 times threshold strength and 2 to 3 msec in duration. When refractory periods (in terms of responsiveness to premature impulses) were determined, a test stimulus (S 2 ) was delivered through the same electrodes. The test stimulus was 2.0 to 3.0 times threshold and 2 to 3 msec in duration. were defined in two ways: (1) the minimum interval between the driving stimulus (S^ and the premature stimulus (S 2 ) which permitted the response to S 2 to propagate across the gate (i.e., the minimum Si-So interval) and (2) the minimum interval between the response to S x (i.e., Rj) and the response to S 2 (i.e., R 2 ) at which R 2 could cross the gate as the Sj^-So interval was shortened (i.e., the minimum Ri-R 2 interval). Most of the data reported here are based on the latter definition.
DETERMINATION OF REFRACTORY PERIODS

As described previously (3), refractory periods
Results
FUNCTION OF THE GATE IN RESPONSE TO PREMATURE STIMULATION
Premature stimuli, at coupling intervals slightly in excess of the refractory period of the cells at the level of the gate, elicited action potentials with the configurations shown in Figure 2 . The top tracing was recorded from a cell in the bundle branch, the middle tracing from a cell at the gate, and the bottom tracing from a cell at the terminal end of the conducting system distal to the gate. The CL =1000 msec S,-S2= 290 msec FIGURE 2 Conduction of a premature impulse across the gate at a coupling interval close to the functional refractory period. The top recording was obtained from a cell in the right bundle branch, the middle from a cell at the gate, and the bottom from a subendocardial conducting cell distal to the gate. The basic cycle length was 1,000 msec and the Sj-S; interval was 290 msec. The action potential of the premature impulse as it crossed the gate assumed characteristics associated with decremental conduction. Distally (bottom), the premature action potential incremented. Calibration 100 msec.
maximum action potential duration of the driven impulses (Si) was recorded from the cell at the area of the gate. At an Si-S 2 interval of 290 msec, the premature impulse was barely able to propagate across the gate. A decrease in the Si-S 2 interval of 1 or 2 msec caused abrupt failure of conduction to the distal cell. The fact that failure of conduction was caused by failure of propagation across the region of the gate was shown in our earlier studies (3) and is supported by the level of membrane potential of the driven impulse at the time of take-off of the action potential of the premature impulse in the middle tracing of Figure 2 . Thus, the functional refractory period of the system is determined by the local refractory period of the cells at the level of the gate. Action potentials resulting from conduction of the premature impulse into the region of the gate at the shortest Si-S 2 interval at which propagation occurred distally demonstrated reduced upstroke velocities and amplitudes. Nevertheless, conduction time for these premature impulses frequently was only slightly increased over the values observed for driven impulses. Moreover, in some instances the upstroke of the premature action potential recorded distal to the gate at the minimum conducted Si-S 2 interval actually seemed to precede the major portion of the slow upstroke at the gate.
To evaluate changes in conduction time across the gates of healthy preparations which were stimulated at coupling intervals close to their functional refractory periods, curves such as those shown in Figure 3 were constructed. The preparations used were those composed of a single free-running false tendon. Purkinje cells were impaled in the bundle branch or proximal false tendon and distal to the gate. The R!-R 2 intervals were measured at both sites for a series of coupling intervals of the driven and premature stimuli. Conduction of premature impulses at a number of R a -R 2 intervals well in excess of the functional refractory period was studied, and it was demonstrated that the Ri-R 2 intervals at the level of the bundle branch or proximal false Curves relating conduction times of driven and premature responses across the distal conducting system of normal tissue. The preparation consisted of a bundle branch and a single free-running false tendon serving a separate segment of free-wall muscle. In panel A, B 1 tendon were equal to the R1-R2 intervals at the level of the terminal Purkinje fibers. Thus, the conduction time for these premature impulses were the same as for driven impulses. Small delays did develop as the R1-R2 intervals approached the refractory period at the gate. In panel A of Figure 3 , Bj-B 2 represents the R 1 -R 2 intervals for a cell in the bundle branch, and Tx-T 2 represents the R r R 2 interval for a terminal Purkinje cell distal to the gate. As the coupling interval between the driving impulse and the premature impulse was shortened from 380 msec until the value
-B s represents the interval between a driven response and a premature response recorded from a cell in the bundle branch (proximal to the gate), and T t -T 2 represents the interval between a driven response and a premature response recorded from a terminal subendocardial conducting cell (distal to the gate). The stimulating electrodes were on the bundle branch, and the oblique solid line represents the line-of-identity. The data plotted in panel B were obtained simultaneously with the data in panel A. Mj-M 2 represents the interval between the driven response and the premature response recorded from a free-wall muscle cell. The curve plotting T 1 -T s against Mj-M s indicates that no conduction delay of the premature response occurs across the Purkinje fiber-ventricular muscle junction (PF-VM) in this setting. Conduction delays across the PF-VM junction conceivably could occur in depressed tissue, or with stimulation at shorter
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was reached where conduction across the gate failed, all points fell on the line-of-identity (±1 msec) until the last conducted Bi-B 2 interval was reached. At that point the measured interval of the bundle branch cell (B!-B 2 ) was 296 msec, while that of the distal cell was 302 msec. Thus, the difference in conduction time between the driven and premature impulses was 6 msec. Panel B of Figure 3 demonstrates that this delay is not accounted for or contributed to by a slowing of conduction across the junction between Purkinje fibers and ventricular muscle. For the data plotted in panel C, the stimulating electrodes had been moved to the distal end of the preparation, and records were obtained on either side of the gates. During retrograde conduction across the gate, the curve is the same as for normal conduction. These patterns were consistently found in preparations of false tendons which we considered normal (3) . Some delay of conduction of premature beats at R1-R2 intervals very close to the functional refractory period of the preparation was common; however, the magnitude of these delays always was small, frequently less than 5 msec and only occasionally in excess of 15 msec. When a preparation was not considered normal according to our previous criteria or when conduction velocity of driven beats was decreased, the curves relating proximal coupling intervals to distal coupling intervals usually showed a different configuration, as demonstrated by the example shown in Figure  4 . The preparation used here was composed of two free-running false tendons originating from the right bundle branch and each serving a separate segment of free wall muscle. The cells of one of the false tendons met all of the criteria for normalcy, and the conduction velocity, measured between the proximal and distal mieroelectrodes, was 2,500 mm/sec. The other false tendon was also normal except for a borderline action potential upstroke velocity msec Curves relating conduction times of driven and premature responses across the distal conducting system of normal and depressed tissue. The preparation consisted of a bundle branch and two free-running false tendons, each serving a separate segment of free-wall muscle (see Fig. 1 ). The stimulating electrodes were placed on the bundle branch. The curve in panel A was constructed from data obtained from a cell in the bundle branch proximal to the gate (P,-P t ) and a conducting cell distal to the gate in one of the false tendons (Dj-D^. The curves in panels B, C, and D were constructed from data obtained from a cell in the bundle branch (P^Pg) and a conducting cell distal to the gate of the other false tendon (Dj-Df).
The conduction velocity of driven responses across the first false tendon (A) was faster than that of the second (B, C, D). See "Results" and "Discussion" for detailed analysis of data. conduction time of the premature impulse (as indicated by the progressive increase in the difference between P^ and D r D 2 as Pi-P 2 was reduced). A maximum prolongation of 95 msec occurred before conduction failed. The curve thus became discontinuous, with a secondary curve being inscribed at the shorter coupling intervals.
The three configurations of curves shown in Figure 4B , C, and D were seen in abnormal preparations in the absence of drug effects. The most common configurations, and those associated with the least obvious departures from our criteria for normalcy, were those shown in Figure 4B and C. Sometimes the curve in Figure 4B and less commonly 4C, was obtained from preparations with no recognizable abnormalities. The most unusual curves were the discontinuous curves similar to that shown in Figure 4D , and these were always associated with electrophysiological abnormalities of the preparations, such as decreased conduction velocities of the driven responses, decreased upstroke velocities of phase 0, decreased resting potentials, or abnormal configurations of phases 1, 2, and 3 of the action potentials.
The effect of quinidine on the conduction of premature impulses across a gate was biphasic. At low dose levels there was a tendency to prolong the functional refractory period, while at higher levels (Fig. 4D ), marked decreases in functional refractory periods might be observed. In both settings the usual relationship between Pi-P 2 and Dj.-D 2 at long coupling intervals was not influenced by the drug, and conduction of R 2 was not delayed.
FUNCTION OF THE GATE IN RESPONSE TO RAPID RATES OF STIMULATION
Preparations such as that shown in Figure 1 , in which the cells of the false tendons were normal, were able to conduct impulses at maximum rates ranging from 270 impulses/ min (cycle length = 222 msec) to 375 impulses/min (cycle length = 160 msec). In 11 of the 14 preparations in which this parameter was measured, the maximum rate achievable exceeded 300 impulses/min. The mean value was 329 impulses/min (cycle length = 182 msec). The stimuli were applied directly to the bundle branch, rather than to septal muscle, in each instance.
At the rate of stimulation at which a 1:1 response failed to occur distal to all of the gates of a preparation with stimulation of the bundle branch, a 1:1 response was still observed in the bundle branch in nine instances. In the remaining five preparations, both the bundle branch and the conducting tissue distal to the gates failed to respond 1:1 at the same rate of stimulation. There was no significant difference of maximum rates of stimulation in these two groups.
Before determining the behavior of a preparation during rapid stimulation, we routinely studied the response to premature impulses in each false tendon of the preparation. In normal preparations the refractory periods at the gates of multiple false tendons are identical or nearly so (3) . In nine of the preparations used in this study, we demonstrated that this was true and also did thorough studies at rapid rates of stimulation. The rate at which failure to conduct 1:1 across the gates occurred during rapid stimulation was not uniform in the several false tendons in six instances despite the fact that the response to prematurity was uniform. In the remaining three instances these parameters were concordant. An example of nonuniform response to rapid stimulation is shown in Figure 5 . The preparation consisted of a bundle branch and two free-running false tendons, each serving a separate segment of free wall muscle. The action potentials designated P were recorded from a cell in the conducting system proximal to the bifurcation of the free-running false Conduction of responses across distal false tendons at rapid rates of stimulation. The preparation used for this experiment was identical to that described in Figure 4 .
Normal Conduction
P --M2=IOmsec
Delayed Conduction 2 •• I Conduction
The upper half of all three panels show action potentials recorded from a Purklnje cell proximal to the branching of the false tendon (P) and from muscle cells in each of the two separate segments of free-wall muscle (M-l and M-2), photographed at a sweep speed of 100 msec/division on the oscilloscope screen. The bottom half of each panel is a time expansion of the shaded areas in the top haloes, photographed at a sweep speed of 5 msec/division. See ''
Results" for analysis of data. Note the appearance of action potential altemans at the time when delay and block begin to occur (see "Discussion").
tendon, and action potentials Mi and M 2 were recorded from muscle cells in each of the two separate segments of free wall muscle. At a cycle length of 218 msec, as well as at all cycle lengths longer than this, the conduction time from P to Mi was 7 msec and from P to M 2 was 10 msec. As the rate was increased, the P to M 2 time began to increase. At a cycle length of 187 msec, it had increased by 50% to 15 msec. When the cycle length was further shortened to 180 msec, 2:1 block occurred in that false tendon, while the P to Mi time remained constant at 7 msec. At a cycle length of 174 msec, alternate impulses were blocked at the gate of the other false tendon.
The fact that conduction failure during rapid rates of stimulation is actually occurring across a segment of false tendon incorporating the gate, rather than at the Purkinje fiberventricular muscle junction, is demonstrated in Figure 6 . For this illustration the distal electrode has been used to impale a conducting cell distal to the gate, rather than a muscle cell. The 2:1 block occurred within the conducting system proximal to the distal electrode.
We studied several preparations in which one or more of the false tendons were functionally depressed in order to compare CL =800 msec CL = 215 msec Rate- normal and presumably abnormal function of the gate in response to rapid stimulation. The criterion for abnormality was one or a combination of the following: (1) decreased maximum upstroke velocity (dV/dt) of phase 0 of action potentials recorded from cells in the conducting system, (2) decreased conduction velocity along a false tendon, and (3) abnormalities of resting potential, upstroke amplitude, or action potential configuration of the cells of a false tendon. The presence of abnormalities in one or more false tendons, with at least one false tendon lacking these abnormalities, was almost always accompanied by a disparity in the functional refractory periods (i.e., in response to premature beats) of the false tendons. The nature of the response to rapid rates of stimulation in these preparations containing both abnormal and normal false tendons is shown in Figure 7 .
In the four preparations in which abnormal false tendons were compared with normal, the nonuniformity of conduction at maximum rates of stimulation, seen in many normal Rate-dependent conduction delay across the gates of depressed tissue. The preparation and experimental design are described in Figure 5 . The false tendon serving the segment of free-wall muscle from which M-2 was recorded was abnormal as described in the text. In the panel on the left, at a cycle length of 400 msec, the difference in conduction time between P to M-l and P to M-2 was 5 msec. At a cycle length of 250 msec (right), this difference increased to 28 msec as the P to M-2 time increased by 23 msec. Exaggerated conduction delays at relatively slow rates of stimulation were characteristic of depressed tissue.
preparations, was markedly exaggerated. The rate of stimulation at which conduction delay or block occurred was much lower for the abnormal false tendons (mean cycle length = 247 msec). Moreover, when delayed conduction occurred, the magnitude of the delay achievable before block ensued was greater for the abnormal false tendons.
Discussion
CONDUCTION DELAY AND BLOCK OF PREMATURE IMPULSES IN THE REGION OF THE GATE
The conduction velocity of premature responses in a preparation of the distal A-V conducting system will depend on the point in the cycle at which the premature stimulus (So) occurs. The studies of van Dam et al. (7) suggest that normal conduction velocity will result as long as the segment of conducting tissue having the longest action potential in the pathway has repolarized to -75 to -80 mv, Responses traveling through tissue repolarized to a lesser extent should undergo delayed conduction or block. A propagated premature impulse, occurring close in time to the functional refractory period of the preparation, will travel through tissue in various stages of repolarization. If the impulse travels antegrade from the bundle branch to free-wall muscle, it will propagate through tissue in which action potentials progressively lengthen proximal to the gate and progressively shorten distal to the gate. As shown in Figure 2 , a premature impulse timed so that it just barely crosses the tissue at the gate may result in an action potential having a significantly decreased upstroke velocity and amplitude only over a relatively short segment which incorporates the gate. Such graded responses should be associated with delayed conduction or block (8) in the area in which they occur. Action potentials in the tissue proximal and distal to this area, having take-off potentials and upstroke velocities close to or at normal levels, should propagate at normal velocities according to van Dam et al. (7) . In many preparations this indeed appeared to be the case, and graded responses were followed by depolarization of the distal tissue at a time appropriate for slow conduction to have occurred over a relatively short segment. In other instances, however, the distal responses occurred simultaneously with or actually preceded the peak of the graded action potential. It is conceivable that active, regenerative depolarization actually failed at the gate and that electrotonic spread across this area accounted for resumption of conduction distally (7, 9) . Decremental conduction has been described for the conduction of impulses through the A-V node (8, 10) . It does not appear to play a role in the conduction of driven impulses (Si) across normal distal conducting tissue. When premature impulses are initiated in the bundle branch in a preparation such as shown in Figure 1 , the conduction velocity of the premature response (R2) approximates that of the driven response (Ri), and the proximal R x -R2 interval will equal the distal R1-R0 interval (as shown in Figure 3 ) as long as all of the tissue in the pathway has repolarized to a sufficient degree. On the other hand, a premature stimulus, applied when the tissue at the gate has not repolarized to the extent of -75 to -80 mv, may be delayed to a greater or lesser degree. The conduction of this impulse is decremental in the sense that it travels into progressively less repolarized tissue, and the delay occurs over the segment at which repolarization is insufficient for a normal conduction velocity. In preparations in which driven impulses propagate at normal velocity, the premature impulse appears to undergo relatively little conduction delay prior to the occurrence of block. When Ri conduction velocity is somewhat depressed, however, significant degrees of R 2 delay may occur ( Fig. 4) . As a result, premature impulses, initiated proximal to the gates and having Rj-R 2 intervals shorter than the refractory period at the gates, are conducted across the gates at least in part because slowed conduction allows tissue in advance of the propagating wavefront enough time to repolarize. When conduction velocity is faster, however, this time may not be available, and conduction fails more abruptly at the region of the gate or proximal to it.
The discontinuous curve shown in Figure  4D resulted from the action of quinidine, but similar curves occasionally were seen in studies on depressed tissue in the absence of pharmacological agents. Curves of this type, constructed from data recorded across the entire conducting system, played a part in the formation of the hypothesis of dual pathways of conduction by Moe et al. (11) and later in the exhaustive studies of functional bundlebranch block from the same laboratory (12) . The work of Hoffman et al. (2) suggested that the site of origin of the delay responsible for these curves was the peripheral Purkinje system. Furthermore, this pattern seemed to represent one of the variants of normal function in their animals. Both groups (2, 11, 12) obtained the points on the ordinates of their curves from recordings from the right ventricular epicardial surface, while the points on the abscissas were obtained from recordings from the right atrium or His bundle. The delayed activation of the right ventricle in functional right bundle-branch block at appropriate degrees of prematurity could account for these curves, whether such block is occurring at the level of the right bundle branch itself (12) or in the peripheral conducting tissue (3) . In the present study these curves were obtained over a short length of the conducting system incorporating a gate and excluding muscle and only under abnormal circumstances. Although many of these preparations contained only a single unbranched false tendon between the bundle branch and the free-wall muscle, it is possible that differences in recovery time of individual fibers within the false tendon set the stage for delayed activation, by a circuitous pathway, of the cell impaled by the distal recording electrode. Whatever the mechanism involved, false tendons responding to prematurity as shown in Figure 4D , in parallel with false tendons responding as in Figure 4A , provide a distal A-V conducting system consisting of elements having fast conduction velocities and long refractory periods in parallel with elements having slow conduction velocities with possibly shorter refractory periods.
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RESPONSE OF THE GATING MECHANISM TO RAPID RATES OF STIMULATION
The duration of action potentials of both the Purkinje tissue and ventricular myoeardial cells decreases as the rate of stimulation is increased (8) . However, when the rate of stimulation is increased, the magnitude of the difference between the duration of Purkinje action potentials and muscle action potentials decreases (13) , as does the magnitude of difference between the conducting cells at the level of the bundle branch and those at the level of a gate (3). It was not surprising, therefore, to find that in some instances (5 of 14 preparations), no gate was demonstrable during rapid stimulation and that the bundle branch failed to respond 1:1 at the same rate at which the gate failed. In the remaining nine preparations, however, 2:1 block could occur at the gate during 1:1 response at the bundle branch. However, despite the fact that functional refractory periods in response to prematurity were nearly identical in the multiple false tendons of these preparations, the refractory periods in response to rapid rates of stimulation were discordant in six of the nine preparations. It is conjectural whether this finding indicates that rapid stimulation is a more subtle indicator of functional differences between the several false tendons of a preparation than is the response to prematurity. In any event the nonuniform behavior of the multiple gates may have relevance to the nature of conduction patterns during tachycardia in intact hearts. Aberrant conduction through the ventricles is a frequent characteristic of supraventricular tachycardia (14) . The differences in the refractory periods of the left and right sides of the conducting system decrease with increased frequency of stimulation (3, 12) and appear to be abolished in canine hearts when the cycle length enters the range of 250 to 300 msec. However, when the cycle length was reduced even further in the present study, discordant delays or 2:1 block occurred among the various false tendons of nine preparations. It is conceivable that discordance of this type might account for some instances of aberrant ventricular propagation during supraventricular tachycardia (discordant delays) and of bidirectional tachycardia (discordant 2:1 block), which is thought to be supraventricular in origin in at least some (15, 16) and possibly all (17) instances.
The mechanism of failure of 1:1 conduction during rapid rates of stimulation in these preparations may be related to alternation of action potential durations. Inspection of Figures 5 and 6 will reveal the alternation of action potential duration that was a common occurrence during rapid rates of stimulation. At appropriate rates alternation reached the point at which delay or block of the impulse following the cycle having the longer action potential duration occurred as a result of insufficient repolarization. In those preparations in which a gate persisted despite the tachycardia, the gate still had the maximum action potential duration in the system. Therefore, the block due to alternation probably occurred at this limiting segment of the system. The A-V node at the proximal end of the A-V conducting system and the multiple gates at the distal end of the system may be compared and contrasted in several ways. Both have long refractory periods when challenged by premature beats. At slow basic driving frequencies the refractory period at the gates is longer, while at faster basic driving frequencies the refractory period at the A-V node is longer (12) because the Purkinje tissue action potential durations and refractory periods are more responsive to basic rate changes than are those in the A-V node. These facts suggest that in a general sense the A-V node has a filtering mechanism better designed to protect the ventricles against rapid rates of stimulation, while the gates are better designed to protect against hazardous prematurity, at least at basic rates within the physiological range. The experimental demonstration of penetration of blocked premature atrial impulses into the distal conducting tissue (1) lends support to this hypothesis.
Both the A-V node and the distal gates may demonstrate decremental conduction. In the A-V node it may be a normal mechanism at all basic rates and during the conduction of premature beats (8) . In the distal conducting system it occurs only during the conduction of early premature beats and seems to be the mechanism of block of descending premature impulses. Decremental conduction occurs over much of the length of the A-V node (AN and N regions) but appears to occur only over a short segment of healthy distal conducting tissue. In some situations it is possible that regenerative conduction may fail at the gate by this mechanism, but since the decrementing segment is so short, the impulse may spread electrotonically to the more fully repolarized tissue distal to the gate and become regenerative again. We have referred to this apparent phenomenon as discontinuous conduction (3) in a similar sense as to mechanisms proposed by others for depressed conduction (4, 9) . Under other circumstances, and more commonly observed, the fully decremented impulse fails to cross into tissue distal to the gates, as is the case in the A-V node.
Functional block, of first and second degree types, may occur across both the A-V node and the gates in response to both prematurity and rapid rates of stimulation. We have not demonstrated a Wenckebach type of block across the distal gates, but recent clinical investigations suggest that this indeed may occur (18) .
Finally, the three types of curves relating the conduction times of driven and premature impulses (see Fig. 4B , C, and D), as described by Moe et al. (11) across the entire conducting system and later by Hoffman et al.
(2) across segments of it, have been shown to occur across the gates under various conditions.
